The several clones of Lilium tigrinum in general cultivation are known to have a somatic number of 36 chromosomes (Takenaka and Nagamatsu, 1930; Mather, 1935) . The diploid number characteristic of other species of Lilium is 24 (See especially Strasburger, 1882; Guignard, 1884; Coulter, Chamberlain, and Schaffner, 1897; Allen, 1904; Satb, 1932; and Mather, 1935) and recently certain plants to be classed as Lilium tigrinum have come from Japan into culture in America which have a somatic number of 24 chromosomes (Stout, 1933) . Sato (1932) mentions "wild" plants of L. tigrinum which produce seed but does not report that these or the seedlings grown are diploid.
The several clones of Lilium tigrinum in culture which have a somatic number of 36 chromosomes are presumably auto triploid and closely related in respect to origin.
Plants of the diploid type are smaller in stature than are the triploids; the flowers are smaller, their segments are narrower, and the spots on the petals and sepals are, as a rule, smaller.
The pollen produced is highly viable and the various plants reared from seed are highly productive of seed when there is compatibility either in selfing or in cross-relations.
The triploid clones produce few pollen grains that are viable and in addition there is complete incompatibility for all intra-clonal and inter-clonal pollinations.
There are then two distinct types of sterility in the members of the species Lilium tigrinum: The identity of the Individual Chromosomes
The two sets of 12 chromosomes each in the diploid Lilium tigrinum and the three sets of the triploid clones are remarkably alike in respect to the size and the shape of the individual chromo somes.
For a triploid type Takenaka and Nagamatsu (1930) figured seven of the twelve chromosomes of a set and made the observation that one of the twelve has a median constriction and one a sub median while the remainder have terminal or sub-terminal constric tions.
Sato (1932, p. 85) has studied the relative lengths and shapes of the chromosomes of various species of Lilium and he concludes as follows:
"The chromosome complement in each species of this genus is composed of elements which bear a striking resemblance in shape to each other, namely four long chromosomes which form two pairs of chromosomes with median and sub-median fiber-attachments, the second class being represented by three pairs of chromosomes with sub-median fiber-attachments, the third by rod-shape with sub-spherical head end, the fourth by the rod-shape with round end."
Sato's figures are of Lilium tigrinum clone Flore-pleno and were made from fixed material of somatic mitoses. Our studies were made from aceto-carmine stains of stages in meiosis for triploids which have the single flowers. We found that each of the 12 chromosomes of a set has an individuality in shape, form, and place of fiber attach ment which is shown in the following text figure. (1) The presence of univalent, bivalent and trivalent spiremes in the prophase as well as the corresponding chromosome associa tions in the metaphase.
(2)
The distribution of more than 12 chromosomes to daughter nuclei at both I-A and II-A. The chromonemata are first evident in the diplophase when they are observed to be twisted about each other.
Each chromonema forms the axis of one chromatid (Taylor, 1931; Hsu-siang, 1932 fig. 3 ). This is common at the constriction point (plate 24, fig. 8 ) where the spindle-fiber attachment occurs (Iwata, 1935) . Sass (1934) (Mather, 1935) . While the shortening and straightening of the chromosomes is taking place, the chromonema in each chromatid increases its coiling since the chromonemata themselves do not shorten in length (Taylor 1931 In the triploid Lilium tigrinurn, the associations at diakinesis show three main types of irregularities:
(1) lack of uniform associa tion between the homologues, Takenaka and Nagamatsu (1930) reported that in the triploid L. tigrinum which they studied the number of trivalents ranged from 6 to 12 with the greatest frequency for 8. Our data indicates that the greatest number of trivalents is much higher than 8. The nucleolus loses its chromaticity at this point and its outline becomes irregular as though parts of it had already under gone partial dissolution.
Owing to extreme contraction the in dividuality of the chromosomes is somewhat obscured.
Text fig. 3 ), as shown by Farmer (1895) and later by Allen (1904) , with the apex pointed toward a common center, the two chromatids being in contact and bound together only at the point of fiber attachment. The long chromosomes with sub-median attachments approximate double V's with the four ends divergent and the angles coinciding at the constriction region in a bond between each two chromatids. Each chromatid definitely contains now two coiled chromonemata as duplication has taken place. For the entire cell at this stage there are twenty-four pairs of chromatids. There are no lagging chromo somes; and the spindle is bipolar without exception.
In the triploid clones of Lilium tigrinum there is in the first divi sion (1) complete disjunction for nearly all members of bivalent and trivalent associations with only an occasional non-disjunction of an homologous pair of chromosomes, (2) partial separation of certain sister chromatids from each other, (3) complete separation of certain of the sister chromatids especially those of the univalents, (4) the lagging of certain chromatin units, and (5) an unequal numerical distribution of chromatin units to the two poles. The rule is that in the anaphases of the triploid types the homologous chromosomes disjoin and also that the two chromatids of each of these chromosomes partially separate, while the chromatids of univalents entirely separate to form the sister chromosomes which would otherwise normally appear in the second division (plate 1, fig. 10 ).
When they are disjoining, the chromosomes C, D, E, F, G, H, I, J, K, and L pass to the poles as open V's while chromosomes A and B appear as double V's with coinciding vertices and the appearance of these is the same as in the diploid (plate 3, fig. 34 ).
As a rule the unpaired chromosomes (the univalents) fail to leave the equatorial plate and their chromatids completely separate in the equatorial region (plate 3, figs. 28, 29, 30, and 31) .
Complete counts were made in various cells with the definite identification of the pairs of attached sister chromatids (diads) and of the separated chromatids (monads) with respect to the distribu tion in the anaphase of the first division of meiosis. The different distributions observed are given in the following tabulation:- In one of the mother cells listed above one nucleus had 14 chromatin units, the other had 20, and there were 3 lagging, making a total of 37. All the units in the two polar groups were pairs of chromatids (diads).
One lagging unit was a V-shaped diad of the chromosome K, but the other two were monads (separated chromatids).
Hence the total of 37 is in reality the equivalent of 36 diads.
The presence of monads or separated chromatids to the number of 10, as indicated in one case above, gives a total of 41 chromatin units which, however, are equal to the 36 chromosomes of the triploid assembly.
In the case of the distribution of 20 and 14 diad chromosomes noted above, it was determined that at one pole of the 20 there were five pairs of duplicates and of the 14 there were three pairs of duplicates, and in each of these, two homologous chromosomes had passed to the same pole but the pairs were not attached to each other.
The data indicate that the mechanism of distribution operates most effectively for the disjoining of chromosomes and that it tends to separate these into two groups of nearly equal number.
Since the number at each pole is nearly always more than 12 it is evident that there is the inclusion of two or more chromosomes of the same type (homologues) within the same polar group.
It may, perhaps, be assumed that two of a trivalent group tend to pass to opposite poles and that the third member may go to either.
In the counts which were made no case was found in which only 12 chromosomes were found at one pole of the anaphase of the first division, and in no case was 24 found. seems to be largely lacking on the separated chromatids in later stages. Chromosomes A, B, D, E, and K were all identified among the lags but it can not definitely be stated that certain chromosomes of the twelve do not lag. It is, how ever, certain that the chromo somes which most commonly lag are those for which asso ciations are loose or lacking (as illustrated by chromosomeD).
The spindle figures of the first division are bipolar and there is no evidence of the suppression or collapse of the general spindle apparatus which might result in restitu tion nuclei.
All chromatin In some regions among the chromosomes the chromonemata may still be seen unseparated (text fig. 5 ). The chromosomes retain their V-organization the ends of the chromatids remaining divergent. They elongate and become tortuous but there is no tendency evident of the free end of one "V" fusing with that of another as suggested by Allen (1904 Following the brief interphase in which the chromonematal coils spin out to their limit, a second contraction occurs and the chromo somes of both the diploid and the triploid come out of the inter phase exactly as they entered it, that is, as diads. At this stage no chromomeres or anastomoses are in evidence.
In the diploid there is a second division in each of the two daughter cells and these are simultaneous but independent (plate 26, fig. 26 ).
Four spores of nearly equal size are formed and the primary nucleus of each receives, as a rule, 12 chromosomes.
No extruded or lagging chromatin elements were observed in the various seedlings which are to be classed as normal diploids.
The chromosomes assembled at each pole are the original chromatids and each one is simple: that is, the limbs of the V's have separated (text fig. 4 ). In the triploid there is also very uniformly a division for each daughter nucleus and its cell (plate 26, fig. 33 ). But these nuclei almost always contain more than 12 chromosomes some of which are homologues and also there may be present in the nucleus certain single chromatids.
The developments in each of the two main cells involve the separation of the chromatids of those chromosomes which have remained as diads, the distribution of all the chromosomes originating from single chromatids, the organization of these into nuclei or as lagging elements.
In addition there are the changes to consider which take place in the micronuclei and microcysts which are included in the two daughter cells from the first division of meiosis.
At the first telophase it is evident from counts that some of the chromatids which constitute the components of equationally divided univalents are included in daughter nuclei. These are to be recognized as monads instead of diads.
As the reduction of the matrix proceeds and the extending of the spiral chromonemata continues at inter phase the connection between the divergent chromatids can readily be traced.
This attachment point can be identified in the diads but in the monads it is absent or less readily observed. In the groups of calls reported above there was only one tetrad with no lagging chromatin units. The greatest number of such units was 18 in which 7 microcytes were present comprising 9 chromatin elements.
The largest number of lagging chromatin elements in any one cell was 4. At this time the lagging units consisted of (1) entire chromosomes of which A, B, C, D, E, F, and H were identified as indicated in the table, and it will be noted these were all lagging from the second division, fig. 35 ). There are some differences in size but all contain cytoplasm and one large nucleus, and there is usually present one or more lagging chromatin elements.
(2) As a rule the number of chromosomes in the nucleus of each of the four larger cells derived from a single pollen mother cell is more than 12. The numbers counted at this stage ranges from 14 to 19, but the number of 12 has been found in the equatorial plate of the division of the vegetative nucleus of a microspore (text fig. 9 ). The organization of nuclei with more than 12 chromosomes seems to be the usual procedure. At least 757c of the mature pollen grains contain one or more microcysts, the largest number observed in any one cell being eight.
The degeneration of the lagging or extruded elements of chromatin proceeds both when they lie free in the cytoplasm and when a nuclear membrane is formed.
The micronuclei contain few chromosomes or chromatin fragments.
Those which lie in the cytoplasm of a primary cell are reduced to microcysts (plate 26, fig. 38 ) and hence very few ripe microspores contain micronuclei.
(5) Accessory cells or microcytes are present and conspicuous at this time (text fig. 7, b and c; 8, Met.) .
They are much smaller than the primary cells; some of them are formed during the first division, but most of them are formed during the second division. For the most part they are formed after the main cell plates are fully developed.
They may contain micronuclei, or microcysts , or both; or there may be no chromatin in evidence. At the time when anthers of the triploid Lilium tigrinnna are about to dehisce and discharge pollen there are two rather distinct classes of spores, (a) the large-sized pollen grains and (b) the small sized microcytes and these exist in a ratio of about 9 to 1 (plate 26, fig. 39 ).
All these spores contain at least some cytoplasm and have well formed walls.
None have collapsed and none appear to be dead. The irregularities found in pollen grains may be listed as follows:
1. One vegetative nucleus+one microcyte. 2. " " " + two micronuclei. 3. " " " + four micrccysts. 4. " " " + two microcysts+a generative cell. 5. Two " nuclei. 6. " " " + one generative nucleus. 7. Three " " 8. Two " cells in one grain which may or may not be of equal size (text fig. 11 ). At any rate in all of our many tests the germination of pollen of triploids has been low (about 8 or 9%) on the same sugar-agar media which give a germination for 90% of the pollen of diploid plants.
Considerable study has been made to determine the internal conditions which may exist in pollen which germinates.
Such grains are of the larger size; they possess a thickened wall; their cytoplasm obviously remains alive; there is present a vegetative cell and a generative cell which is within the cytoplasm of the vegetative cell. In certain of the pollen tubes some microcytes and even micronuclei have been observed.
The number of chromosomes in the nuclei of germinating pollen can rarely be determined by direct counts and our data on this point are meagre.
In one case 12 chromosomes (see text figure 9) The abnormalities which can be observed during microsporo genesis appear (1) in various stages of the association or conjugation of the three homologous chromosomes, (2) in the premature separa tion of the sister chromatids in unpaired chromosomes, (3) in the distribution of chromosomes, (4) in the organization of cells which constitute the complement of spores and (5) in the internal develop ment which produces mature and normal pollen grains.
The association of three spiremes is attempted and in large degree effected for various trivalents in every spore mother cell of the triploid type of Liliunn tigrinn in. Evidently the three homologues for each type of chromosome are able to associate in some degree, but partial associations are frequent and also entire single threads appear in synapsis, which continue thereafter as univalents. The greater number of chromosomes enter into association as trivalents or bivalents and there is no evidence of larger groups which suggest secondary associations.
This with the data that the characteristic chromosome number for species of Lilium is 2n=24 and the fact that no 4n species is known seems to indicate clearly that the triploid clones of L. tigrinum are autotriploids.
The failure of complete association of all spiremes in sets of three is a feature of irregularity which contributes to certain later abnormalities.
The mechanism for the distribution of chromosomes both in the first and in the second division of meiosis is definitely bipolar. Its operation in the first division is to separate the chromosome associa tions, whether bivalent or trivalent, and to assemble them into two groups of nearly equal number.
The only indication of a third group is seen in the lagging chromosomes which first lie in the bipolar spindle: they are left out of the main nuclei and are scattered; and there is no mechanism which can assemble them into a third group or that can operate earlier to place each of the various trivalent groups into three different nuclei.
There are, however, accessory spindles which develop feebly as somewhat unipolar figures with one pole centering about lagging chromatin which happens to lie on or near the margin of the plate that is forming.
Such spindles operate to produce only microcytes.
There is no attempt to assemble or move the several chromatin elements to or from the pole where the nucleus may or may not be organized.
It is believed that the repulsion of the members of bivalent and trivalent associations in the triploid Lilium tigrinum is very complete and regular although nondisjunction does sometimes occur. Two homologous chromosomes are frequently included in the same nucleus although they have disjoined.
The lagging chromosomes of the first division are chiefly univalents and these undergo an equational divi sion which is premature. The irregularities in the distribution of chromosomes result in (1) lagging elements of chromatin, (2) the distribution of more than 12 chromosomes to the main nucleus of nearly all large-sized pollen grains, which necessarily involves the presence of one and often two homologues of certain chromosomes or of two sister chromatids.
The lagging chromosomes contribute (1) to the incomplete distribution of chromatin between the daughter nuclei in both the first and the second divisions, (2) to the premature separation of univalents, (3) to the formation of microcysts and micronuclei many of which disintegrate in the cytoplasm, and (4) 
